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PV Is disruptive!

ENERGY & ENVIRONMENT

Westinghouse Files for Bankruptcy, in Blow to Nuclear
Power

By DIANE CARDWELL and JONATHAN SOBLE MARCH 29, 2017

[ S Rian” ~ 4 y »

A Westinghouse project in Waynesboro, Ga., remains unfinished, its future in doubt after the bankruptcy
filing. Reuters

31.7.

New York Times: April 2, 20Tittps://www.nytimes.com/2017/03/29/business/westinghous®shibanuclearbankruptcy.html? r
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https://www.nytimes.com/2017/03/29/business/westinghouse-toshiba-nuclear-bankruptcy.html?_r=0

PV is Unique

Besides providing energy for free
It helps to save water

https://cleantechnica.com/2017/03/20/japanesfoating-solarfarm-helpsapplepush100-renewableenergy/

And it increses productivity of agriculture
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Renewables Learning Curves

SolarVision Consulting
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What globalPV production rate will be required?
Total future power need: 30 TW

Required capacity = 10 TW / capacity factor =30 TW/0.21 =144 TW,

PV module lifetime = 30yearr

Annual production rate =144 TW /30Qyr=4.8 TW, / year

PV module peak power (20% efficiency) = 200/
Required production per year a 24 10 (billion) m2/ year

Requiredoroduction per hour a3 millionm2/h &3 km?/ h

idea from a back of the envelope calculation by SdsaheenUniv. Denver, at-CAMP 2012, Boulder, Colorad@3 July2012J
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Around 2000: Our Monograin Membranes

TCO . front contact

CdS-Film \

CulnSe, - single crystals

Metal - back contact

Monograin Membrane Solar Cell

=T . T § W e

Microscope Image (0 5 cm) Microscope Image (0.6 x 0.8 mm?)
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CZTS monograin powder growth

Intensity (arbitrary unit)

-80

60 1
4I}-‘
ZIJ-
0
20
_40..

650

1.85molCuSe+1mol ZnSe+1molSnSe
+4mol Nal 662

624

SSSI

640

\
A\

crystalso"i

T
0

T T T T T T T T T T T
200 400 600 800 1000

Temperature (1)

439°C:

647°C:
662°C:

784°C:
770°C:
624°C:
640°C:

583°C:
409°C:

UCulbYCu I , ®eH=0.

kJ/mol

e® '711elt. mixture — 12 kJ/mol
CZTSe + solvent complex
formation -92 kJ/mol
&Her. czrse = 19 kd/mol

& Hoiigit. czrse = - 4 kd/mol
Eutectic point SnSe-SnSe,
& |_Aecomp. solvent complex: -76
kJ/mol

& Hyjgir. ¢y = - 7 kJ/mol
UCulbYCul , - &eH=
0.9kJ/mol

Powder growth currently in DTA analysis of CZTS growth from binary
sealed ampoules up to 3 kg  precursors in Nal

SEM images of crystals grown with different ratio (cm3/cm?3) of flux to CZTSe

(a) 0.4, (b) 1.6 and (c) 4.9.
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Bestcell efficiency 9.59%6 \{

crystalsdi
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Product
Test module of 400 cm?, 16 cells Image of a prototype including USB port,
monolitically series connected Aperture area: 26.5cm?,

efficiency about 6 %.
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Vienna:
In-house roll-to-roll pilot production line

Rolkto-roll
production

Continuous production
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Crystalsol:
Printed Photovoltaic Thin Film
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